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ABSTRACT
A number of prominent theories have linked tendencies to mimick others’ facial
movements to empathy and facial emotion recognition, but evidence for such links
is uneven. We conducted a meta-analysis of correlations of facial mimicry with
empathy and facial emotion recognition skills. Other factors were also examined for
moderating influence, e.g. facets of empathy measured, facial muscles recorded,
and facial emotions being mimicked. Summary effects were estimated with a
random-effects model and a meta-regression analysis was used to identify factors
moderating these effects. 162 effects from 28 studies were submitted. The
summary effect size indicated a significant weak positive relationship between
facial mimicry and empathy, but not facial emotion recognition. The moderator
analysis revealed that stronger correlations between facial mimicry and empathy
were observed for static vs. dynamic facial stimuli, and for implicit vs. explicit
instances of facial emotion processing. No differences were seen between facial
emotions, facial muscles, emotional and cognitive facets of empathy, or state and
trait measures of empathy. The results support the claim that stronger facial
mimicry responses are positively related to higher dispositions for empathy, but the
weakness and variability of this effect suggest that this relationship is conditional
on not-fully understood factors.
ARTICLE HISTORY
Received 13 October 2019
Revised 23 August 2020






Facial expressions convey essential information for
guiding social interactions. The sensitivity of humans
to faces can be demonstrated behaviourally in our
automatic tendency to imitate expressions of facial
emotions, called facial mimicry. Research over the
last 30 years has flagged many possible social func-
tions and correlates of facial mimicry (e.g. Dimberg
et al., 2000; Hess & Fischer, 2013; Meltzoff & Moore,
1997). One example, which has been formulated in
different ways, is a relationship between facial
mimicry and the sharing and understanding of the
emotions of others; a capacity often referred to as
empathy. In a similar manner, mimicking other
people’s faces has been further linked to the ability
to infer the emotions of others from faces, called
facial emotion recognition (FER). Through these
routes, facial mimicry has been broadly considered
to capture a person’s sensitivity to the emotional
meaning of faces. In this report, we tested this idea
by conducting a meta-analysis of findings relating to
variability in facial mimicry responses and capacities
of empathy and FER across individuals.
Facial mimicry responses are subtle and difficult to
observe visually, but can be sensitively indexed by
electromyographically (EMG)-recorded activity in
facial muscles, or by scoring of facial movements
from video recordings using the Facial Action
Coding System (FACS) (Ekman & Rosenberg, 2005;
for further information see https://www.paulekman.
com/facial-action-coding-system/). Two common
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examples of facial mimicry are smiling when seeing a
happy face, and frowning when seeing an angry face,
measured using EMG by placing sensors over smiling
and frowning muscles respectively. As with imitation
of other body parts (Chartrand & Bargh, 1999), facial
mimicry has seen to be particularly elicited when
interacting with people who are perceived positively,
for whom there is a desire for social affiliation
(Leighton et al., 2010; Likowski et al., 2008; *Sims
et al., 2012).
A neural explanation for why faces and actions are
automatically imitated comes from work on the
mirror-neuron system (MNS; Rizzolatti et al., 1996); a
set of brain regions activated both by the enactment
and observation of motor actions. Evidence for this
system in humans came from findings of spatially
overlapping regions of increased brain activation
during action execution and observation (Buccino
et al., 2001; Decety et al., 1997). This bi-directional
pathway between observation and action is argued
to activate a representation of the motor action in
the observer, potentiating its physical movement in
the form of imitation. Some have argued that the imi-
tation outputs of the MNS go beyond motor represen-
tations; activating a motor action’s representation also
elicits some of the experiential states connected with
that action, e.g. the intention of a hand movement, the
emotion of a facial expression (Iacoboni et al., 2005;
Preston & de Waal, 2002). The MNS accordingly pro-
vides a mechanism for how observing a person’s
motor action can lead to the sharing of subjective
states between individuals, and in turn, a useful refer-
ence for decoding the meaning of another person’s
actions. This subjective insight into others offers a
channel for motor imitation to provide inputs into
empathy and FER.
As empathy has been defined in many ways, at this
point it is helpful to make clear how it’s defined and
segmented in this paper. First, its important to point
out that researchers have tested links between facial
mimicry and empathy using definitions of empathy
that vary in their precision, some referring to specific
constructs, others testing more general links. To
reflect this variability, in this meta-analysis, we aimed
to accommodate both broad and granular definitions.
We use the term “compound empathy” as an umbrella
term for all the subcomponents covered here. We also
test links to specific components of empathy to allow
for more granular interpretations. In segmenting these
components, we take the recommendation of Hall and
Schwartz (2019) and use both measure-focused
segmentations (state empathy versus trait empathy),
as well as traditional conceptual segments (cognitive
empathy versus emotional empathy).
The empathy component most often put forward
as linked to facial mimicry is the automatic sharing
of observed emotions, referred to as “emotional con-
tagion” or emotional empathy, where the observer’s
emotions increase in similarity to the expressor’s
(Hatfield et al., 1994). Emotional empathy has been
measured in two ways: using task-based “state”
measures that track stimuli-induced emotional
sharing responses, or questionnaire-based “trait”
measures that index an individual’s self-reported ten-
dencies to engage in everyday emotional sharing.
Although state emotional empathy most directly
traces the emotional sharing responses thought to
be relevant to facial mimicry, trait empathy has also
been shown to successfully capture inter-individual
variation in emotional sharing responses (*Drimalla
et al., 2019), suggesting emotional state and trait
measures might overlap in the underlying empathy
processes they track.
Emotional empathy is usually distinguished in the-
ories from cognitive empathy, which involves the con-
scious understanding of others’ emotions or thoughts.
This understanding does not necessitate but can co-
occur with emotional contagion effects (Shamay-
Tsoory, 2011). A typical questionnaire item measuring
cognitive empathy is “I am good at understanding the
feelings of others”. Note further that cognitive
empathy has sometimes been used to refer to abilities
of theory-of-mind or perspective taking, as measured
by accuracy in performance-based lab tasks (Baron-
Cohen & Wheelwright, 2004). Unlike trait measures,
these performance-based constructs have not been
explicitly claimed to involve spontaneous facial
mimicry, and were therefore considered outside the
current scope.
Facial emotion recognition (FER) differs from
empathy in that it does not involve a subjective under-
standing of others’ emotional states, but only the per-
ceptual ability categorise faces according to their
emotional expressions. We decided to bring FER into
the meta-analysis because it is thought to overlap
extensively with emotional empathy in terms of its
perceptual inputs (i.e. visual facial emotional stimuli),
and cognitive empathy in terms of its inferential pro-
cesses. Echoing this distinction of perceptual and
inferential processes, FER has been conceptually seg-
mented into corresponding automatic implicit and
explicit facial processing routes. In the implicit route,
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emotional information is processed outside of aware-
ness, and in the explicit route, conscious efforts are
made to recognise the displayed emotions (Schirmer
& Adolphs, 2017). While there is clear overlap in cogni-
tive empathy and FER skills, these constructs have
usually been kept separate due to the exclusive
focus of FER on visual face perception, as opposed
to cognitive empathy, where emotions are inferred
based on a variety of cues, including e.g. speech and
situational cues.
To outline the motivation for the current study, the
following sections contain a brief description of the
theory landscape relating facial mimicry, empathy,
and FER: Perception-Action model, social context
model, and SIMS model. The current study was not a
formal test of any of these theories, but only addressed
a specific assumption that is common to them.
A useful way to delineate these theories is how
they differ in their claims of the causal direction, e.g.
do facial mimicry responses affect empathy and FER,
or vice-versa. In one version, often referred to as the
“facial feedback” hypothesis (Buck, 1980), learned
repeated associations between facial muscle configur-
ation and affective states lead to the feedback from
facial muscles when mimicking to re-activate that
emotion in the observer (Hatfield et al., 2009). One
popular method of testing the facial feedback hypoth-
esis is via “facial blocking” tasks, where attempts are
made to block the expression of facial emotions phys-
ically by asking participants to hold a pen in their
mouth. Such blocking interventions are reported to
reduce the recognition of facial emotions (Niedenthal
et al., 2001), indicating a causal effect of the kind of
facial movements elicited in facial mimicry on FER.
In contrast, the opposite causal relationship from
social skills to facial movements has been argued.
For instance, in Hess and Fischer (2013), the
meaning of facial expressions is first decoded, then
its cognitive representation leads to its facial
expression, which assuming a one-to-one matching
of observed and interpreted emotion, a facial
mimicry response is elicited. Supportive evidence
from multiple findings that facial responses to
emotional cues depend on their interpretation, not
on their visual perception, as seen in reports that
facial mimicry responses can be elicited by emotional
auditory sounds and vocalisations (Hawk et al., 2012;
Hietanen et al., 1998; Magnée et al., 2007).
Despite differing in causal direction, theories
linking facial movements to the understanding of
others, to varying degrees, share the assumption of
a positive relationship between these constructs. The
earliest such theory was proposed by the German phi-
losopher Theodor Lipps (1907), which was a formu-
lation of the facial feedback hypothesis mentioned
above. Next, the perception action model (PAM)
claims that imitation responses, such as facial
mimicry, can motivate altruism by enhancing personal
investment in the emotions of others (de Waal &
Preston, 2017; Preston & de Waal, 2002). In this
account, imitation facilitates the reciprocal sharing of
emotions between self and others via the MNS, and
this contingency of one’s own emotions on those of
others enhances concern for others’well-being, motiv-
ating altruism for them. In the PAM, a positive relation-
ship between emotional empathy and facial mimicry
is directly posited. In line with the PAM’s view for
the role of the MNS in empathy, a resent fMRI study
by Oosterwijk et al. (2017), observed that patterns of
neural activity that coded for participants’ own
emotional experiences (e.g. emotional actions, intero-
ceptive sensations and situations) also coded for the
understanding of others’ emotions.
Other models focus less on empathy and more on
the modulation of facial mimicry by contextual cues
for social affiliation, but these also imply a positive
relationship between facial mimicry and empathy.
The social context theory (as referred to here) argues
that facial mimicry is regulated by affiliative signals,
such as contexts that encourage adopting an affiliative
“stance”, and serves to provide subtle signs of mutual
intentions and emotions; an indicator of the potential
quality of a future relationship (Hess & Fischer, 2014).
Evidence for the importance of affiliative goals to regu-
lating facial mimicry can be seen in a report from
Likowski et al. (2008), in which participants mimicked
the faces of others more when experimentally manipu-
lated to form positive vs. negative attitudes about
them. The authors of the social context theory claim
that facial mimicry does not itself induce emotional
sharing, but often can co-occur with empathy when
social affiliation goals are activated, as these motivate
both imitation and empathy to engender social
bonding. This view would therefore readily account
for findings that stronger facial mimicry responses cor-
respond with more intense demonstrations of
emotional empathy, not causally, but incidentally.
Lastly, the simulation of smiles (SIMS) model (Nie-
denthal et al., 2010) deals specifically with mimicry
of smiles, and whether they are interpreted as
signals of an affiliative stance (e.g. mutual joy) or not
(e.g. Schadenfreude). The SIMS claims that facial
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movements facilitates automatic empathic emotion
sharing, and this sharing mechanism enhances under-
standing of others’ emotions (in the form of FER and
perception of affiliative stance). The SIMS goes
further by claiming that facial mimicry triggers the
matching of facial movements, which through facial
feedback, then leads to greater similarity in internal
emotions. Like the facial feedback hypothesis, evi-
dence for the SIMS comes from findings that blocking
facial expressions of smiles disrupts the recognition of
happy faces (Niedenthal et al., 2001; Oberman et al.,
2007), and impairs the ability to assess the authenticity
of smiles (Korb et al., 2014; Maringer et al., 2011;
Rychlowska et al., 2014). It should be noted that
there is currently some debate as to the reliability of
facial blocking effects. Seventeen labs have failed to
replicate a basic instance of this effect (Wagenmakers
et al., 2016), but a recent meta-analysis from 138
studies reports evidence that small but stable effects
do exist (Coles et al., 2019).
The above list of theories on social roles of facial
mimicry is not intended to be exhaustive, but we
used it to highlight the common thread of the assump-
tion that facial mimicry responses have a positive
relationship with empathy and FER. However, contrary
to the pervasiveness of this claim, Heyes (2011) has
argued that empirical support for a link between imita-
tion and empathy is lacking. A close inspection of the
literature suggests that the evidence is indeed mixed
(e.g. studies failing to find support for a relationship
between facial mimicry and empathy include *Hess &
Blairy, 2001; *Sims et al., 2012; *Sun et al., 2015), and
requires synthesis into a coherent picture for accurately
assessing support. To do this, we examined studies
investigating co-variance between individuals’ facial
mimicry responses to facial stimuli, and their scores
on measures of empathy and FER. Summarising all
these findings together would allow us to detect if
true effects exist that might be too weak for detection
in available sample sizes, or are only elicited under
specific experimental conditions, e.g. choice of facial
stimuli or instrument to measure empathy.
The current study conducted a meta-analysis to
assess the available evidence for a correspondence
between facial mimicry and empathy, both as a
unitary construct (“compound empathy”) and by
task-based and common conceptual segmentations,
and FER. The inputs to the meta-analysis were effect
sizes relating individual variability in these constructs.
We also conducted a moderator analysis to identify
any experimental factors that affect correlation effect
sizes, including gender, muscle recorded, emotion
label, how empathy was indexed (e.g. state vs. trait,
emotional vs. cognitive subscales), and various
stimuli properties (e.g. photos vs. videos, short vs.
long stimulus exposures).
Methods and materials
Study search and inclusion criteria
The workflow of the meta-analysis followed the useful
practical recommendations provided by Lakens et al.
(2016) and Quintana (2015). Studies were searched
for using the terms “facial” AND “mimicry” OR “imita-
tion” AND “EMG” on Google Scholar and cross-check-
ing references of reviews and studies. All studies
reporting on facial mimicry data were inspected for
suitability according to the following inclusion criteria.
In addition, appeals for data were made on social net-
working platforms (Twitter, Facebook), and by email
via listservs of psychological journals and organis-
ations (e.g. ESSAN). First, studies had to involve EMG
measurements of facial mimicry responses (as
defined in Fridlund & Cacioppo, 1986), or observa-
tional protocols (e.g. FACS; https://imotions.com/
blog/facial-action-coding-system/). Second, studies
had to include one of the following measures:
a Questionnaire measure of trait empathy (e.g.
Interpersonal Reactivity Index, IRI; Davis, 1983).
b State empathy measure, consisting either of a
rating of the participant’s current state of
valence/emotion in response to viewing a facial
emotion, with higher empathy scores for ratings
in the direction of the facial stimuli, or a rating
of “how much did you enter into the other’s
feelings?”.
c FER accuracy measure for the correct labelling of
emotions of facial stimuli, based either on select-
ing correct labels or matching stimuli, or making
correct label-contingent responses e.g. happy vs.
angry faces in Go-Nogo task.
Only data from non-clinical samples were included.
In studies where pharmacological or brain stimulation
intervention was used, effects were included from
control comparison groups unless only effects that
did not separate by group were reported, but the
active condition did not differ significantly in terms
of facial EMG or empathy/FER. If studies did not
report a useable test statistic, it was requested by
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email from the author. Such unpublished findings
from the so-called “grey literature” were only included
if they were collected from studies that were peer-
reviewed in published papers. If t or F statistics were
reported for differences in facial mimicry between
median split of high vs. low empathy groups were
converted to r correlation coefficients. However,
studies in which differences between empathy
groups were artificially inflated by excluding partici-
pants in the mid-range were excluded. If possible,
means and standard deviations were extracted from
text or gleaned from figures to calculate missing test
statistics. If Beta values were reported, these were con-
verted to r using the formula from Peterson and
Brown (2005).
Effects were included that indexed facial mimicry
as EMG changes when observing a target emotion
relative to when observing neutral faces or a non-
face baseline (e.g. fixation cross), or compared to
facial emotions of the opposite valence (e.g. increased
corrugator supercilli (CS) activity for angry compared
to happy faces). Data from studies involving facial
emotions that changed within trials (e.g. Offset task
of *Korb et al., 2015) were excluded. Studies in
which multiple emotion conditions (usually negative
types) were collapsed into a single analysis were
excluded to maximise sensitivity in the moderator
analysis for separating these effects. For consistency
with the majority of facial mimicry study designs, we
opted to exclude some effects related to very rapid
presentations of facial stimuli, with a minimum dur-
ation of 100 ms required for inclusion to ensure par-
ticipants could reasonably recognise the facial
emotion, based on finding that presentations longer
than 100 ms do not hinder FER (Matsumoto et al.,
2000). Stimuli presented during recording of facial
mimicry that did not have a continuous display of a
consistent facial emotion for repeated trials were
excluded, e.g. single-trial affective movie clips where
facial emotions were not constantly in focus. Since
the focus of the meta-analysis was to test the assump-
tion that natural occurrences of empathy are related
to facial mimicry, which are generalisable to real-life
behaviour, studies in participants were instructed by
the experimenter to empathise were excluded (e.g.
Balconi & Canavesio, 2013; Lamm et al., 2008).
Coding of moderators
Below are descriptions of the selected moderators, the
rationale for their selection, and how they were coded
and analysed. Since operationalisations of empathy
widely differ, we considered the possibility that
relationships with facial mimicry might be selective
among them. However, since the results indicated
no evidence of differences between them in corre-
lations with facial mimicry responses, we included all
of them (i.e. “compound empathy”) when examining
all moderators excluding those where the different
operationalisations was the focus of the moderator
analysis.
The first moderator concerned which component
was targeted by trait empathy questionnaires,
emotional or cognitive. This included the “empathic
concern” and “perspective taking” subscales of the
IRI, and “emotional” and “cognitive” subscales of the
Empathy Quotient (EQ; Baron-Cohen & Wheelwright,
2004), have been used to capture emotional and cog-
nitive components of empathy respectively. Note that
the Fantasy subscale of the IRI was excluded from all
analyses due to consensus that this scale is not rel-
evant to real-life empathic dispositions (Nomura &
Akai, 2012). The Questionnaire Measure of Emotional
Empathy (QMEE; Mehrabian & Epstein, 1972), and
the Balanced Emotional Empathy Scale (BEES; Mehra-
bian, 1996) also target the emotional sharing aspect of
emotional empathy.
Another moderator concerned the operationalisa-
tion of empathy as either a trait, in terms of personal
everyday dispositions, or a state, in terms of specific
momentary instances of emotional sharing. This ques-
tion was examined by comparing emotional empathy
trait measures with state empathy measures, thereby
matching measures on the target empathy com-
ponent of emotional empathy. Note: state measures
track matching of emotional states, and are therefore
considered to target emotional empathy.
Another way of separating facial mimicry para-
digms is in terms of whether they relatively engage
implicit vs. explicit routes of facial emotion processing.
These routes can be selectively engaged in two ways,
which were examined by separated moderators. First,
shorter exposures of stimuli tend to depend on faster
implicit routes of processing. This was coded in the
moderator analysis as whether facial stimuli were
shown for shorter or longer than 1 s durations.
Second, designs of facial mimicry paradigms involve
either passive viewing of faces during facial mimicry
recording, without participants needing to respond
to or infer any emotional information, or alternatively,
participants were required to make some judgment
on the emotional quality of the face e.g. label,
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valence, intensity. These passive vs. active conditions
map, in relative terms, onto distinct routes of implicit
vs. explicit of facial emotion processing.
In sum, the following nine categorical variables
were chosen, coded for, and analysed in their moder-
ating influence on effect sizes relating facial mimicry
and empathy:
(1) from which facial muscle were responses recorded;
(2) which facial emotion were displayed;
(3) whether visual facial stimuli were dynamic videos
or static photos;
(4) whether emotional empathy was measured as a
trait or state;
(5) whether the empathy measure was related to the
emotional or cognitive component;
(6) whether samples were exclusively female, male, or
included both genders;
(7) which specific instrument was used to index
empathy (see Table 1 for a list);
(8) whether stimuli were presented for short (< 1 s) or
long (> 1 s) durations.
(9) whether emotional processing of faces was
passive or active.
Summary effect size analysis
The meta-analysis was conducted using the “MAc” and
“metafor” packages, as implemented in R-project. We
conductedourmeta-analysis according to the steps out-
lined in Del Re (2015) and Viechtbauer (2010). All effect
sizes that were not correlation coefficients were con-
verted using functions in the “MAc” package. This
package aggregates effect sizeswithin studies to elimin-
ate the influence of dependencies between effects from
the same study, e.g. between effect sizes involving total
scores of questionnaires and scores of subscales. A
summary effect size was then computed via a random-
effects omnibus test (“mareg” function), as variability
in effect sizes were assumed to be sensitive to differ-
ences in designs and sensitivity of instruments and not
just due to sample variability as assumed by fixed-
effects models (Borenstein et al., 2010).
To measure the amount of heterogeneity in our
studies, we calculated the I2 (Higgins et al., 2003)
and Tau-squared (τ2) statistics (Higgins, 2008). Meta-
analyses comprising of heterogeneous studies indi-
cate less shared effect (Quintana, 2015). To identify
which studies excessively contribute to study hetero-
geneity in the summary effect size, we created a
forest plot (Lewis & Clarke, 2001). Publication bias for
reporting stronger effect sizes was examined visually
using a funnel plot and then tested for asymmetry
using Egger’s Regression Test (Egger et al., 1997).
Moderator analysis
Moderator analyses were conducted to identify factors
that influenced effect sizes. In the moderator analysis
we separately examined relationships between facial
mimicy and compound empathy, and between facial
mimicry and state empathy (the specific component/
measure most often linked to facial mimicry). The
numbers of studies reporting on effect sizes involving
FER were deemed to be too few for the power required
for a moderator analysis. Moderators of correlations
between facial mimicry and the relevant operationalisa-
tion of empathy were analyzed in two ways. First, we
tested if summary effect sizes were significant in each
level separately by fitting a single mixed-effects model
to each moderator level. For example, our moderator
examining the effect of the emotion expressed by
facial stimuli contained the levels angry, happy, etc. In
this separate-level analysis, a significant p value for the
model indicates that among effect size at a given level
(e.g. happy), a significant relationship between facial
mimicry and compound empathy was observed. Next,
in a combined-level analysis, the difference between
levels was tested, indicating whether the moderator
had an overall influence on the summary effect size
(e.g. differences between effect sizes of happy vs.
angry), as indicated by the QM-statistic (QM) and its sig-
nificance level (QMp).
Power analysis
Power analyses for meta-analysis are pivotal to accurate
interpretationof results, particularly due to challengesof
comparing effects from different studies, which can be
highly heterogeneous, therefore requiring more
studies for reliable comparison. Under conditions of
low power (e.g. < 80%), the conclusion that there is
absence or presence of an effect in a test should be
avoided. Power calculations for the analysis of
summary effect sizes were calculated using the macro
for random-effects in meta-analysis from Quintana
(2015) (available at osf.io/5c7uz/). For the meta-analysis
involving compound empathy (i.e. all operationalisa-
tions included), for an average sample size of 40 and
25 effects from different studies, and moderate hetero-
geneity between effects, there was 88% power to
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Table 1. Summary of studies submitted to meta-analysis.
Study N k Muscle Emotions Construct Measure Task
*Argaud et al.
(2016)
80 1 CS Anger FER Label accuracy Briefly viewed facial emotions
followed by label and intensity
ratings (controls only)
*Bailey et al. (2009) 33 1 CS Anger FER d’ for hits minus
false alarms





34 8 CS, ZM Anger, Happy Trait EQ Viewed facial emotions in oddball
task
*de Sousa et al.
(2011)
22 2 ZM Happy Trait BEES Viewed facial emotions
*Deng and Hu
(2017) (Exp. 1)
30 1 ZM Happy State Self emotion
rating
Viewed facial emotions followed
by self emotion ratings
*Deng and Hu
(2017) (Exp. 2)
38 1 ZM Happy State Self emotion
rating
Viewed facial emotions followed
by self emotion ratings
*Dimberg and
Thunberg (2012)
96 2 CS, ZM Anger, Happy Trait QMEE Viewed facial emotions followed
by self emotion ratings
*Drimalla et al.
(2019)







Viewed facial emotions in
emotional contexts followed by
empathy and label ratings
*Harrison et al.
(2010)
40 3 CS, ZM Anger, Sad,
Happy





41 8 CS, OC, LL Anger, Happy,
Disgust, Sad
FER, state Label accuracy,
self emotion
rating
Viewed facial emotions followed
by label ratings




38 5 CS, LL, ZM, OC Anger, Disgust,
Happy, Sad
FER Label accuracy Viewed facial emotions followed
by intensity ratings




94 2 CS Anger, Sad FER Label accuracy Briefly viewed facial emotions
followed by label ratings
*Mathersul et al.
(2013)
31 6 CS, ZM Anger, Happy Trait EQ Briefly viewed facial emotions
*McDonald et al.
(2011)
20 8 CS, ZM Anger, Happy FER Label accuracy Viewed facial emotions followed









40 33 CS, ZM, MF, LL Anger, Disgust,
Happy, Sad,
Fear
FER, trait Label accuracy,
IRI
Viewed facial emotions followed
by label ratings
*Rehberger (2014)* 19 3 CS, ZM Anger, Fear,
Happy




32 7 CS, LL, LF Disgust, Fear Trait QMEE Viewed facial emotions
*Sato et al. (2008)
study 1
29 4 CS, ZM Anger, Happy State Self emotion
rating
Viewed facial emotions followed
by self emotion valence ratings
Sato et al. (2013)
study 2
38 4 CS, ZM Anger, Happy State Self emotion
rating
Briefly viewed facial emotions
followed by self emotion
valence ratings
Sato et al. (2013) 29 4 CS, ZM Anger, Happy State Self emotion
rating
Viewed facial emotions followed
by self emotion valence ratings
Scarpazza et al.
(2018)
10 4 CS, ZM Happy, Fear Trait IRI Viewed facial emotions




61 2 CS, ZM Anger, Happy Trait QMEE Viewed facial emotions
Sonnby-Borgström
et al. (2009)




Viewed facial emotions followed
by self emotion valence ratings
(Continued )
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detect a small effect of r = 0.2, indicating adequate
power. For the meta-analysis involving FER, for an
average sample size of 40, 10 effects, and high hetero-
geneity, there was 29% power to detect a small effect
of r = 0.2. Hence, given the smaller number of available
studies on FER, a much larger effect was required to
be reliably detected. As noted in the discussion
section, this low power seriously limits the interpretabil-
ity of results from the meta-analysis involving FER.
However, we decided to proceed with the analysis for
completeness of reporting.
Post-hoc power estimates for categorical modera-
tor analyses using mixed-effects meta-regressions
were calculated using a macro developed by Cafri
et al. (2009) implementing the formulae of Hedges
and Pigott (2004). The parameters for these calcu-
lations used the same average sample size as above
(n = 40), a constant τ2 of .03 (a conservative approxi-
mation given the observed results), and the observed
effect sizes. These resulted in similar power estimates
for all moderators in the range of 52–59%.
Results
Descriptive summary of included studies
The literature search (finished onMarch, 2019) returned
44 studies. After exclusion criteria were applied, 28
studies reporting 162 effect sizes (k) remained (see
Table 1 for a brief summary and Figure 1 for an overview
of the workflow for data collect, in line with PRISMA
guidelines, Moher et al. 2009; for a detailed summary
see the database in the online repository). The com-
pound empathy set contained 128 effect sizes from 23
studies (average sample size = 38) and the FER set con-
tained 33 effect sizes from 9 studies (average sample
size = 50). None of the studies using FACS measure-
ments of facial mimicry met inclusion criteria.
Summary effect size results
The random-effects omnibus test of effect sizes relat-
ing facial mimicry and compound empathy indicated
a moderate significant effect (r = .188; 95% CI [.11,
.26], p < .0001). The effect estimates per study are
depicted visually with a forest plot in Figure 2 (separ-
ated for emotional trait and state empathy in Figure 3).
The I2 estimate of heterogeneity was 24.8% (95% CI [0,
61.3]), representing a moderate but acceptable
amount of true heterogeneity among studies
(Higgins et al., 2003), and a τ2 of .008 (95% CI [0, .04]).
In the funnel plot of Figure 4(A), the horizontal axis
represents effect sizes from studies, the vertical axis
shows the standard error of these effect sizes, and a
triangular shaded area in which 95% of effects
should be symmetrically distributed if no publication
bias is present (Egger et al., 1997). Visual inspection
of the funnel plot and the Egger’s Regression Test
for asymmetry indicated no publication bias was
present on reporting correlations between facial
mimicry and compound empathy, although this was
trending towards significance (z =−1.7, p = .09). On
the vertical axis of the Baujat plot in Figure 4(B) the
standardised difference of the overall summary
effect with and without each study is plotted, and
the contribution of each study to the overall hetero-
geneity on the horizontal axis. Studies falling away
from the mass of observations in a Baujat graph
should be further investigated to understand and
address the reasons of such simultaneously outstand-
ing heterogeneity and influence. Visual inspection of
the Baujat plot indicated that Study 4 (*de Sousa
et al., 2011) had a major and possibly biasing contri-
bution to the overall summary effect size. To investi-
gate this, we conducted a sensitivity analysis by
estimating the summary effect size without this
study, and found it was still highly significant, r
= .173, p < .0001. Close inspection of this study
suggested its design was not unusual compared to
other included studies, except that skin conductance
was also recorded, but this was not considered proble-
matic. For these reasons, the study was not removed.
The random-effects omnibus test for effect sizes
relating facial mimicry and FER indicated a non-signifi-
cant effect (r = -.06; 95% CI [-.25, .13], p = .54). The I2
estimate of heterogeneity was 77.6% (95% CI [50,
Table 1. Continued.
Study N k Muscle Emotions Construct Measure Task
Sun et al. (2015) 30, 34 8 CS Pain State, trait Self pain rating,
IRI
Viewed videos of people in pain
followed by self pain intensity
ratings
*Unpublished data; N, sample sizes; k, number of effects; CS, corrugator supercilli; ZM, zygomatic major, LL, levator labii; OC, orbicularis oculi; LF,
lateral frontalis; MF, middle frontalis medialis, IRI, Interpersonal Reactivity Index, EQ, Empathy Quotient, BEES, Balanced Emotional Empathy
Scale; TEQ, Toronto Empathy Questionnaire; MET, Multifaceted Empathy Test.
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93.7]), representing a very high amount of true hetero-
geneity among studies (Higgins et al., 2003), and a τ2
of .06 (95% CI [.02, .28]), as can be seen in the forest
plot in Figure 5. The Egger’s Regression Test was
non-significant (z =−1.7, p = .09), which indicates
that a publication bias was not present.
Moderator analysis results for facial mimicry
and compound empathy
In the following results, n denotes number of included
studies, k denotes number of included effect sizes. For
the moderator analysis of muscle site, the separate-
level analysis showed that the correlation between
facial mimicry and compound empathy was signifi-
cant for levels of CS (n = 18, k = 60, r = .12, p < .0001),
LL (n = 3, k = 5, r = .2, p = .05) and ZM (n = 19, k = 49,
r = .12, p = .0005), with no significant difference
between them (QM = 1.62, p = .9).
For the moderator analysis of the displayed
emotion of facial stimuli, the separate-level analysis
indicated that the correlation between facial mimicry
and compound empathy was significant for levels of
anger (n = 15, k = 32, r = .12, p = .003), fear (n = 4, k =
13, r = .18, p = .006), happiness (n = 21, k = 51, r = .12,
p = .0004), and sadness (n = 4, k = 10, r = .18, p
Figure 1. Workflow chart for data collection (according to PRISMA guidelines).
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= .009), but was non-significant for pain (n = 1, k = 8, r
= .02, p = .86) or disgust (n = 3, k = 10, r = .1, p = .17).
The combined-level analysis found no significant
effect for this moderator (QM = 3.3, p = .65).
For the moderator analysis of whether facial stimuli
were dynamic or static, the separate-level analysis
showed that significant effect sizes were observed
for both levels of dynamic (n = 14, k = 85, r = .08, p
= .0007) and static stimuli types (n = 13, k = 42, r = ..2,
p < .0001). The combined-level analysis indicated
static facial stimuli have a significantly higher
average effect size than dynamic stimuli (QM = 7.9, p
= .005).
For the moderator analysis of cognitive empathy
(measured by IRI and EQ subscales) vs. emotional
empathy (measured by IRI and EQ subscales and sum
scores of QMEE and BEES), the separate-level analysis
showed that the correlation between facial mimicry
and empathy was significant for both emotional
empathy (n = 12, k = 36, r = .13, p = .001) and cognitive
empathy (n = 8, k = 26, r = .16, p = .004). The combined-
level analysis indicated no significant difference
between these levels (QM = .22, p = .6).
For the analysis comparing state and trait measures
of emotional empathy, a significant relationship was
observed for both trait (n = 12, k = 36, r = .13, p
= .001) and state empathy (n = 8, k = 26, r = .16, p
= .0008), with no significant difference between
these levels (QM = .14, p = .7).
For the moderator of participant gender on cor-
relations between facial mimicry and compound
empathy, the separate-level analysis showed a
Figure 2. Forest plot of aggregated effect sizes between facial mimicry and empathy.
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significant effect for female (n = 2, k = 8, r = .14, p
= .03) but no significant effect for male participants
(n = 2, k = 10, r = .06, p = .2), with no significant
difference between these levels (QM = 1.13, p = .29).
For the moderator analysis of the specific
empathy measure used, the separate-level analysis
showed that significant effect sizes were observed
for a number of both state and trait empathy
measures (see Table 2 for list of measures). The
combined-level analysis indicated a significant
difference between measures of trait empathy
(QM = 26.1, p = .001).
For the comparison of exposure times of facial
stimuli, the separate-level analysis showed a signifi-
cant effect size for studies using short exposure
times below 1 s (n = 4, k = 17, r = .25, p < .0001),
and for studies using longer exposure times of
equal or longer than 1 s (n = 18, k = 109, r = .1, p
< .0001), with shorter exposures times related to
stronger correlations than longer exposure times
(QM = 5.23, p = .02).
Effect sizes were compared from studies in which
facial mimicry was passively recorded without requir-
ing responses contingent on facial stimuli emotion,
versus when they were (e.g. FER, valence/intensity
ratings). The separate-level analysis showed a signifi-
cant effect size for studies with passive task pro-
cedures (n = 15, k = 65, r = .18, p < .0001), as well as
for studies requiring explicit responses to facial
emotions (n = 8, k = 63, r = .06, p < .03), and this differ-
ence was significant (QM = 8.25, p = .004).
Moderator analysis results for facial mimicry
and state empathy
For the moderator analysis of muscle site, the separ-
ate-level analysis showed that the correlation
between facial mimicry and state empathy was signifi-
cant for levels of CS (n = 6, k = 16, r = .16, p < .05), LL (n
= 1, k = 1, r = .38, p < .05), and ZM (n = 6, k = 10, r = .15,
p < .05), with no significant difference between them
(QM = 2.5, p = .47).
For the moderator analysis of the displayed
emotion of facial stimuli, the separate-level analysis
indicated that the correlation between facial mimicry
and state empathy was significant for levels of anger
(n = 5, k = 9, r = .14, p = .047), disgust (n = 1, k = 1, r
= .38, p = .045), happiness (n = 7, k = 11, r = .13, p
= .037), and sadness (n = 2, k = 3, r = .23, p = .034),
with no significant difference between them (QM = 2,
p = .72).
For the moderator analysis of whether facial stimuli
were dynamic or static, the separate-level analysis
showed that significant effect sizes were observed
for both levels of dynamic (n = 7, k = 14, r = .14, p
= .0005) and static stimuli types (n = 4, k = 12, r = .18,
p = .001), but no significant differences between
these (QM = .3, p = .58).
Figure 3. Forest plot of aggregated effect sizes between facial mimicry and emotional empathy from trait (A) and state (B) measures.
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Discussion
The current meta-analysis aimed to assess the empiri-
cal support for a link between individual dispositions
for spontaneous facial mimicry to empathy and FER.
For compound empathy (including all operationalisa-
tions), a significant but weak relationship was found,
but no relationship was observed for FER, although
fewer studies were available to robustly assess this
relationship. Positive correlations between facial
mimicry and compound empathy appeared to be
driven equally by trait measures (of both emotional
and cognitive empathy components) and state
measures. Correlations varied between facial
emotion displayed and recorded muscle, but these
factors were not found to be influential overall. The
sum finding is that people who exhibited stronger
facial mimicry responses tended to have higher dispo-
sitions of trait empathy, and reported to share the
emotional state of others to a greater degree in
state empathy. This strengthens the position of
several prominent theories of facial mimicry, all of
which posit such a link. However, the summary
effect size for this relationship was small and sensitive
to numerous moderating factors, suggesting this
relationship should not be considered as direct.
Below we discuss the moderating factors identified
Figure 4. A. Funnel plot of aggregated effect sizes between facial mimicry and compound empathy. B. Baujat plot of numbered effect sizes
aggregated within studies.
Figure 5. Forest plot of aggregated effect sizes between facial
mimicry and facial emotion recognition accuracy.
Table 2. Results of moderator analysis between facial mimicry and
selected empathy measures (QM indicates overall effect, r indicates
effect size at each moderator level).
Moderator Measures N k r
Trait measures BEES 2 5 0.34**
EQ-total 4 21 0.13*
EQ-emotional 1 2 0.3°
EQ-cognitive 1 2 0.16
IRI-empathic concern 6 18 -.02
IRI-personal distress 5 16 -.02
IRI-perspective taking 7 22 0.16
QMEE 3 11 0.25**






Sig. level notations: °p < .06, *p < .05, **p < .01.
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in the meta-analysis, and outline some limitations and
wider implications of the results.
Methodological limitations need to be considered
for accurate interpretation of meta-analytic results,
where data are aggregated from highly diverse
sources. Our heterogeneity results showed a moder-
ate amount of variance between studies reporting cor-
relations between facial mimicry and compound
empathy, suggesting some reliability in our estimate
of summary effect size. However, there was a large
degree of uncertainty in our estimate, which is
expected given the relatively small sample of available
studies and diversity of study designs (Ioannidis et al.,
2007). Compared to the results from the main analysis
offacial mimicry and compound empathy correlations
which included a larger number of effect sizes, caution
is encouraged for interpreting the results of the meta-
analysis of FER, and also in some of the empathy mod-
erator results, where fewer effect sizes were available.
It should also be noted that the samples submitted to
the meta-analysis included control samples from clini-
cal studies, which are often recruited very selectively
to fit within narrow ranges of “normal” (Schwartz &
Susser, 2011). These samples are less likely to match
the distributions of social and cognitive abilities in
the wider popular, and could have biased the resulting
estimation of the strength of relationship between
facial mimicry and empathy.
The finding that FER accuracy was not signifi-
cantly related to facial mimicry is contrary to
claims of the SIMS model that feedback from facial
muscles facilitates the decoding of facial emotions
(e.g. Oberman et al., 2007), and is consistent with
previous reports of no detected associations (e.g.
Blairy, Herrera, & Hess, 1999; *Hess & Blairy, 2001).
However, the restricted sample size of 9 studies war-
rants caution in interpreting this null result. A further
possibility is that FER paradigms, as they stand,
suffer from poor sensitivity to detect variability
between individuals. Test-retest reliability of a stan-
dard FER task indicated moderate reliability (Adams
et al., 2016). However, as a relatively simple task, it
is susceptible to ceiling effects that compress
ranges of individual variance. For example, error
rates in *McDonald et al. (2011) were lower than
8%. Lastly, this null finding could also reflect the
complexity of FER as a skill that relies on the inter-
play of more distributed cognitive capacities that
build on and go beyond those involved in emotional
empathy (e.g. higher-level inferences), leaving facial
mimicry to play a less central role.
In the following sections we explore the results of
the moderator analyses between facial mimicry and
empathy (total and specific operationalisations),
beginning with the most basic moderators for facial
mimicry data; the specific muscle recorded and facial
emotion displayed. No difference was found
between the recorded muscle sites, suggesting that
facial mimicry is not related to compound empathy
in a clear emotion-specific way. For the moderator of
facial emotion, the summary effect size of correlations
with compound empathy were strongest for sad and
fearful faces, followed by the most commonly
studied emotions of happiness and anger, but no sig-
nificant difference was observed across emotions.
Note that the number of effect sizes involving fear
and sadness was far fewer than those relating to hap-
piness or anger, and thus these summary effect sizes
are less likely to be as reliable. In light of this, the
effect of facial emotion could be considered small
and an indicator that facial mimicry of anger, happi-
ness, fear, and sadness, are all equally associated
with empathy, with non-significant correlations for
pain and disgust.
The weak effect of pain is perhaps surprising, as
responses to observing pain in others (i.e. the poten-
tiation of motor threat reflexes) is considered a gold
standard for indexing the empathic sharing of the
states of others (Avenanti et al., 2005). However, it
has been argued that empathic responses to others’
pain can be clouded on the affective level by the sim-
ultaneous responses of personal distress to seeing an
upsetting aversive scene of someone in pain (Batson
et al., 1983; Hein & Singer, 2008), interfering with the
measurement of empathic responses to others’ pain.
It has been suggested that facial mimicry of angry
faces might not necessarily indicate an imitation or
sharing of emotions, but instead be a reaction of irri-
tation to the threatening angry face (Hess & Fischer,
2014). In addition, angry faces are less likely to be
mimicked, which is taken to indicate that facial
emotions that do not have social affiliative intent are
not mimicked (Bourgeois & Hess, 2008). Since the
level of facial mimicry was not examined, our analysis
cannot speak to this latter point. We did observe that
facial mimicry responses to angry faces were at least
as strongly related to both total and emotional state
empathy as those related to happy faces. This indi-
cates that any facial mimicry present did appear to
coincide with empathic responses. However, because
of the way state empathy is usually measured (rating
the current experience of the emotion recently
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observed in others), a person indicating feeling angry
in response to seeing an angry face might not be due
to feelings of the anger of the other (proper empathic
sharing), but feeling anger to the other (a threat
response).
Another moderator, and one that bears directly on
theories of facial mimicry’s social functions, was the
examination of which subcomponent of empathy
was most strongly related to facial mimicry. Significant
correlations with facial mimicry were found for both
emotional and cognitive empathy components, with
no differences in the strength of these correlations.
This null finding has a number of possible interpret-
ations, two of which are: (a) links between facial
mimicry and empathy are not limited to emotional
sharing (Hatfield et al., 2009), as thought to occur via
activation of the MNS, but extent to higher cognitive
empathy abilities also, (b) facial mimicry is primarily
related to emotional sharing, but these also provide
inputs to higher cognitive abilities, leading to a corre-
spondence between facial mimicry and cognitive
empathy abilities.
In addition, tendencies to share the emotions of
others, as captured by trait emotional empathy and
state empathy, were both highly significantly related
to facial mimicry, with neither more highly related
than the other. This suggests some equivalence in
trait and state approaches to measuring emotional
empathy in terms of their ability to track emotional
sharing via automatic imitative responses.
A major consideration when designing a facial
mimicry experiment is whether to use static photos
or dynamic video-clips of facial emotions. Here, both
stimulus types were found to significantly elicit corre-
lations between facial mimicry and compound
empathy. Surprisingly, the current results indicated
that static faces elicit stronger correlations with com-
pound empathy than dynamic ones. No difference
between static and dynamic was found among state
empathy measures. The interpretation of the stronger
correlations with compound empathy is made difficult
by many confounding factors. For example, the peak
of emotional intensity of facial stimuli is more likely
to be displayed longer for static stimuli, as the peak
is presented from stimulus onset, whereas for
dynamic stimuli faces usually begin from a neutral
standpoint. Studies are needed to control for these
factors to systematically disentangle effects caused
by the numerous differences between static and
dynamic stimuli, besides just ecological validity. For
instance, it is possible that because of dynamic
stimuli’s documented ability to elicited stronger
facial mimicry responses (Rymarczyk et al., 2011;
*Rymarczyk et al., 2016; *Sato et al., 2008; Weyers
et al., 2006), this high level of responding might lead
to ceiling levels in facial mimicry responses that sup-
press individual variability, and the ability to detect
correlations with compound empathy.
The moderator analyses of differences among
empathy measures indicated that correlations with
facial mimicry were significantly stronger for some
measures of trait empathy compared to others. Corre-
lations were strongest for the BEES, EQ-affective, and
QMEE, notably all measures of emotional empathy.
However, since the number of instances of other
empathy measures were far fewer, this analysis
needs to be repeated in the future with balanced
samples of empathy measures to accurately infer
their relative sensitivities to facial mimicry. From this
moderator analysis of empathy measures, we could
also observe trends on the specificity or redundancy
of empathy measure subscales. For instance, for the
EQ, we could see that the subscale of emotional
empathy correlated more strongly with facial
mimicry than either the cognitive empathy subscale,
or the total EQ score. This indicates that for indexing
aspects of empathy related to facial mimicry, the
emotional empathy subscale of the EQ outperforms
any and all of the other subscales in this instrument.
The moderating influence of gender was examined
on correlations between facial mimicry and com-
pound empathy. As summarised by *Korb et al. (2015),
Women are more emotionally expressive and more
empathic than men (Eisenberg & Lennon, 1983; Kring &
Gordon, 1998); more accurate and/or efficient in proces-
sing facial expressions of emotion in reduced and
context rich settings (Hall, 1978; Hall & Matsumoto,
2004; Wacker et al., 2017; Hoffmann et al., 2010); show
more facial mimicry than men (Dimberg & Lundquist,
1990); and are more susceptible to emotional contagion,
as revealed both in self-report and dyadic interaction
(Doherty et al., 1995)
The current results show that correlations between
facial mimicry and empathy were significant only
when measured among females, but the difference
between these groups was not significant. Added to
the fact that the number of studies featured in this
analysis was too low to base strong conclusions
about the effect of gender, this finding is inconclusive
on whether or not the relationship between facial
mimicry and compound empathy is stronger among
females. On a related topic, *Deng et al. (2016)
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urged claims about claims in gender differences in
emotion processing to separate emotional expressiv-
ity (e.g. facial mimicry), where gender differences are
consistently observed, from emotional experience,
where the evidence for gender differences is less
clear (see also Codispoti et al., 2008).
The moderator analysis revealed that stronger cor-
relations between facial mimicry and empathy were
observed for study designs involving both briefer
exposures of facial stimuli, and in which participants
were not required to make explicit responses to
facial emotions. This latter finding that explicit infer-
ence demands attenuate automatic imitation
responses is, to our knowledge, novel, and warrants
investigation by future studies. Taken together, these
findings suggest that implicit routes are not only
sufficient to instantiate the link between facial
mimicry and compound empathy, but increased
engagement of explicit routes appears to weaken
this link. As a “spontaneous” response, it is well docu-
mented that automatic processing is sufficient to elicit
facial mimicry responses (Dimberg et al., 2000).
Directly corroborating evidence that more implicit
routes are involved in links between facial mimicry
and empathy come from one of the earliest reports
of a correlation between these constructs. Sonnby-
Borgström (2002) rapidly presented facial emotions
on the threshold of attention and found that com-
pared to when viewing longer presentations, the
relationship between facial mimicry and compound
empathy was stronger, fitting with the current set of
results. However, the question of why this is so has
yet to be explored.
One key issue not addressed so far is the extent to
which facial mimicry responses can be actually charac-
terised as individual disposition that vary reliably
across people; an implicit assumption of the idea
that they relate to other dispositions, such as
empathy. The test-retest reliability of EMG-measured
facial mimicry was examined by Hess et al. (2017) by
estimating its stability in a large group of people
across a 15 and 24 month period. Indications of
good temporal stability was reported. Interestingly,
stability varied depending on study design factors
such as mode of presentation, more so than on the
type of emotion eliciting the facial reaction. These
results support the basic premise that facial mimicry
responses are a reliable personal trait, and highlight
the additional importance of factors that have not
yet been sufficiently considered, including some that
are not intrinsically emotional or social.
The primary aim of the current meta-analysis was
to examine the relationship between facial mimicry
and the sharing and understanding of others’
emotional states in terms of empathy and FER. The
results showed a weak relationship between facial
mimicry and all considered operationalisations of
empathy, providing key support for a number of pro-
minent theories claiming mechanistic links between
facial mimicry and empathy, but the evidence for
such a link with FER is inconclusive. While a relation-
ship was detected, its low strength and inconsistency
warrant caution in over-assuming an inseparable
coupling of facial mimicry responses and empathy
capacities, and encourage further work in this area
to disentangle how this relationship is moderated by
social and experimental contexts. By summarising
the empirical evidence and moderating effects of
design factors, and making available data from both
the published and unpublished literature, we hope
this work provides a useful resource for future investi-
gations and theoretical formulations of the social func-
tions of facial mimicry.
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